In the past studies of the effect of alcohol on the EEG, attentions have been paid chiefly to the electroencephalographic observations of the effect of alcohol on the central nervous system or to the observations of the EEG in the state of delirium caused by drinking. These are described by George et al. (1), Gibbs et al.(2) and many other workers.
In the past studies of the effect of alcohol on the EEG, attentions have been paid chiefly to the electroencephalographic observations of the effect of alcohol on the central nervous system or to the observations of the EEG in the state of delirium caused by drinking. These are described by George et al. (1) , Gibbs et al. (2) and many other workers.
To summarize these observations, it seems that after the administration of alcohol, both in man and animals, the cortical frequencies decrease progressively as intoxication develops, and in man at least, the degree of slowing, as measured by the displacement of frequency spectrum, ran parallel to the increase in the concentration of alcohol in blood. There is no gross change in the appearance of the EEG unless the subject falls asleep or passes into coma.
Fujiwara (3) and Fujiwara & Kuwana(4) of our Department already reported on the metabolism of alcohol and the action of antabuse in rabbits. The report of the latter contained the observation of the EEG. The purpose of this paper is to describe the effects of ethyl alcohol, antabuse and acetaldehyde on the EEG of rabbits.
EXPERIMENTAL METHODS
Matured rabbits, weighing over 2kg, were employed for experiments. A rabbit was put in a fixing box, and as an electrode, two short wires of nickel silver were inserted under the skin of the head and fixed. The unipolar recording was carried out in the frontal Cfronto-right ear (F--RE)) and occipital Coccipito-right ear (0-RE)) leads, while the bipolar recording was performed in the fronto-occiptal (F-O) lead.
Rabbits were divided into four groups : normal rabbits (A), to which alcohol was injected once ; habituated rabbits (B), to which alcohol was injected for more than two weeks in succession ; normal rabbits (Aa) and habituated rabbits (Ba), to both of which antabuse was administered orally and an hour later alcohol was injected. In addition to those groups, the author had one group in which acetaldehyde was injected into the vein of the ear or into the carotid artery.
For the observation of the effect of antabuse in Group Ba, antabuse and alcohol were administered on the second day after the successive injection of alcohol was abo lished, an-1 the EEG was recorded. Ethyl alcohol diluted to 3% with distilled water was injected intraperitoneally in doses of 100 ml kg within 5 to 10 minutes , with the preceding oral administration of antabuse in doses of 0.5g/kg. Acetaldehyde (diluted to 10°0 with 0.9/ saline solution) was infused into the vein of the ear in doses of 40 , 50, 60, 70 and 80 mg/kg and into the carotid artery in doses of 40, 50 and 60 mg-'kg, both at the rate of 1 ml/min. The normal EEG was recorded between 40 and 60 minutes after the animal was fixed, and alcohol was injected. The EEG was recorded 7 , 10, 15-20, 30, 45, 60, 120, 180, and 240 minutes after injection.
All rabbits were not anesthetized with any anesthetic. For the measurement of frequency of a wave, cycle per second (c/s) was calculated of each wave, and the waves were conveniently divided into those of the frequency of 1 to 4, 5 to 8, 9 to 12, 13 to 16, 17 to 20 and 21 or more c/s. The overlapped waves were also classified on the same basis of c/s.
EXPERIMENTAL RESULTS
By the injection of alcohol, the whole cases had an increase in the waves of 1-4 c/s and a decrease in the waves of 5-8 c s, irrespective of the exp imental conditions noted below.
Nor;nal ruhb;ts (A) : Immediately after the injection of alcohol, the superposed fast waves became undiscernible in the EEG pattern, arid was mingled with the slow waves (2 -3 c/s), thus making what is called random tr-zcing as a whole. This rando.a tracing was most violent about 30 minutes after injection.
The fast waves which once nearly disappeared came out again and began to increase gradually in amplitude after the lapse of 45 to 60 minutes, and showed a larger ampli tude than the pre-injection level about 3 hours after injection. Concurrently with the return of the fast waves to original, the slow waves of high voltage decreased progres sively in amplitude, and about four hours after injection, their pattern returned to original (Refer to the figure given in Acta Mad. et .Bio!. 1, 386, 1953) . As shown in Table 1 and Figure . 1, when attention was paid to frequency only, it was disclosed that from 30 to 60 minutes after injection, the record had a predominance of the slow waves large in amplitude and had a diminution in appearance of the waves faster than 5 c . s, these being followed by an incomplete return to the original pattern 4 hours after injection. Rabbits to which anta&ise and alcohol wire administered (Aa) : No gross change was observed in the EEG pattern for an hour after the administration of antabuse . Only the waves of 9-12 c/s increased a little in appearance number on the frequency spectrum, as shown in Table 2 . After the injection of alcohol, like in Group A, the fast waves of lo\,5 voltage decreased in appearance number "together with the drop of voltage, and the random tracing of high voltage (150, V or more) rhythms of the slow waves beyond 3 c/s appeared. This random tracitifg was more marked in this group than in Group (A) and rapidly resumed the rhythmic tracing followed by a return to the pre injection pattern 3 hours after injection. This return began with the reappearance of the fast waves of low voltage and the increase of their voltage (Refer to the figure given in Acta Mid, et Bio!. 1, 386, 1953) . As indicated in Table 2 and Figure 2 , the EEG pattern in this group ran the same course of tracing as that in Group (A) , except that in the former the amplitude of the fast wave was somewhat larger and the slow wave appeared more frequently. On the whole, the inhibitory effect of alcohol was predominant , and 2 hours after injection, there was no appearance of the EEG features expressing excitement , which were observed in the injection of alcohol alone .
TAIt?LE 2. Normal rabbits : Frequency spectrum after the administration of antabuse and alcohol (Mean of appearance numbers per second)
The displacement of frequency spectrum in normal rabbits which were administered with antabuse followed by the injection of alcohol. From 10 minutes to 4 hours after the injection of alcohol, the appearance numbers of each frequency ran the same course as those shown in Figure 1 . After 4 hours, however, frequencies faster than 21 c/s increased in appearance number. An influence of antabuse was not masked.
Habituated rabbits to which alcohol was injected (B) : From the time of injection onwards, the fast waves of low voltage increased in frequency and voltage, and for a time, the waves of about 5 c/s nearly disappeared and the slow waves dropped in volt age. From about 15 minutes onwards after injection, the slow waves of high voltage appeared and the rhythms became irregular. About 45 minutes after injection, the fast waves increased in amplitude. This increase in amplitude lasted for 1 to 2 hours, so that the slow and the main waves seemed to have disappeared at a glance due to the coverage by the predominating fast waves of large amplitude. The amplitude steadily declined as a whole from about 3 hours after injection, and the waves of 5 c/s reappeared about four hours after infection. Tile fast waves observed about an hour after injection were of high voltage and considered to form a spike pattern (Refer to the figure given in Ac>a Med. et Biol. 1, 386, 1953) . From the frequency spectrum point of view, there were parallel changes in the waves of 1 to 12 c 's among Groups B, A and Aa, except that the waves faster than 13 c/s increased greatly in Group B. Especially the waves of 13 to 17 c/s increased with the lapse of time, and those of 25 to 30 c/s ran the same course ( Fig. 3 and Table 3) .
On the whole, the EEG features which were likely to manifest excitement and ob served when alcohol was injected to the normal rabbits, appeared more significantly and early, while the inhibitory effect of alcohol nearly subsided. Habituated rabbits to which ante buse was adhni ni sterad with si bsequent injection o f alcohol (Ba) : After the injection of alcohol, the slow waves (slower than 4 c ,/s) were predominant and their rhythms became irregular. From 10 to 15 minutes after injection, the fast waves became leading gradually and increased in amplitude . Consequently, the slow waves looked as if they had disappeared. The amplitude of the fast waves decliin ed gradually 3 hours after injection (Refer to the figure given in Ac'a med. et Biol. 1, 386, 1953) .
As shown in Table 4 , uncommon changes were observed in the frequency spectrum. That is, the slow waves slower than 4 c/s, the fast waves faster than 20 c s and the waves of 9 to 12 c , 's increased, while those of other frequencies decreased. These increase and decrease were alternate on the whole, as compared with those before injection, as shown in Figure 4 . And the increase and decrease in frequencies of the waves ran the same course as did those for an hour after the administration of antabuse. In other words, the frequency spectrum in this group was quite different from that in Groups Aa and B.
To summarize those results, it seemed to be approvable that when injected after the administration of antabuse, alcohol was inhibitory in action at first, then became more and more excitatory, and later, this excitatory effect became rather severe, as compared with that observed when alcohol alone was injected to the habituated rabbits. Experiments with acetaldehyde : It is believed that ethyl alcohol is decomposed into acetaldehyde in the body and antabuse administered subsequently inhibits further de composition of acetaldehyde. Experiments were carried out by the injection of acetalde hyde into the vein and the carotid artery. After purchase, acetaldehyde was purified. When acetaldehyde was injected intravenously in doses of 50 or 60 mg;'kg to rabbits, they had a marked twitching in four limbs. By the injection of 70 mg, kg or more, they had a severe spasm. In the EEG pattern, the rhythmical waves of 5 to 7 c/s or 10 c/s appeared in succession simultaneously with the injection of acetaldehyde and then were displaced gradually by the slow waves of 1 to 4 c/s increasing in voltage, while the fast waves decreased a little in amplitude, but did not disappear. The waves of 8-10 c/s made frequent appearance in a group lasting for several seconds, and the main waves had high voltage in general. When external stimuli were given to rabbits on this occa sion, the slow waves disappeared and the fast waves predominated, or else the rhythmic al waves, slightly faster than the main waves, appeared in succession. In other words, rabbits were very sensitive to stimulus. The EEG pattern hardly differed due to the injection of the different dosages. In one case in which 80 mg/kg of acetaldehyde was injected, the amplitude of the slow wave was large and steep like a convulsive wave ; a single spike came out occasionally ; rabbits were very sensitive to external stimuli ( When acetaldehyde was injected in the same doses as before into the carotid ar tery, gross changes were, as a matter of course, observed in the EEG pattern. The steep slow waves of large amplitude appeared irregularly, mingled with the main waves of large amplitude during and immediately after injection, while the fast waves decreased in amplitude, or disappeared. Then the middle-voltage waves of 8-10 c/s appeared in a group, the spikes came out in a group or singly, and the pattern, as a whole, tended to become rhythmical with the lapse of time. When external stimuli were given scores of minutes or several hours after injection, the rhythmical waves of 5-7 c/s appeared in succession for a few minutes, and sometimes, the sharp fast waves of low voltage emerged (Figs 6 and 7) .
In a word, by the injection of acetaldehyde, considerably significant changes were observed in the EEG pattern. These would be due to the stimulative effect of the drug. When acetaldehyde was injected into the carotid artery, its action was transient. FIG. 6 . EEG patterns in a rabbits which was injected with acetaldehyde in doses of 40mg/kg into the carotid artery. The first record is the EEG pattern before injection. The second record is the EEG pattern appeared when a rabbit was affected with tonic spasm FIG. 7. EEG patterns in a rabbit which was injected with acetaldehyde in doses of 50mg/kg into the carotid artery. The upper two records show a sudden grouping of spikes 6 minutes after injection. These two patterns were recorded simultaneously, the upper in the fronto-left parietal lead (bipolar recording) and the lower in the fronto-right parietal lead (bipolar recording).
The lower two records show the intensification of the fast waves and the appearance of the continuous waves by faint sounds (-t) 2 hours after injection. These two recordings were carried out in the same leads as the upper two were. A rabbit was male and weighed 2.55kg.
DISCUSSION
The effect of alcohol on the EEG in man is studied in association with the level of consciousness. Davis et al. (5) said that no gross change was observed in the EEG except when the subjects passed into coma or fell asleep. George et, al. (1) reported the reduction in average frequency. Mirsky et al.(6) observed the decrease in amplitude and frequency in rabbits. From the present experiments it was found out that when judged from the EEG pattern, the effect of alcohol in the normal rabbits was quite different from that in the habituated rabbits.
The normal rabbits was strongly intoxicated by the injection of 100 ml/kg of 3 alcohol and recovered from intoxication about 4 hours after injection, just when the EEG pattern also improved as a whole. From the point of view of frequency spectrum, how ever, recovery in the EEG pattern was incomplete at that time. As to the correlation between the level of consciousness in acute alcoholic poisoning and the EEG pattern in man, George et al. (1) pointed out that in a stage of awakening from alcohol intoxication the subject was psychologically almost normal even if the EEG pattern did not yet return to original.
Concerning the correlation between the EEG pattern and the concentration of alcohol in blood, Davis et al. (5) observed that the displacement of the frequency spectrum ran parallel to the blood alcohol level. On the other hand, Mirsky et al. (6) denied this pa rallel relation and stated that the concentration of alcohol in blood remained high after the EEG pattern returned already to original, and therefore, that recovery from the effect of the drug should be ascribed to the adjusting function of the central nervous system. According to Fujiwara's experiments, when alcohol was injected subsequently to the administration of antabuse to rabbits, the concentration of alcohol in blood was relatively high, whether they were habituated to alcohol or not. This did not coincide with the findings of the EEG analysis. That is, irrespective of habituation of rabbits to alcohol, the concentration of alcohol in blood was always higher in the antabuse-alcohol injection groups than in the alcohol injection groups [Fujiwara and Kuwana(4)D. How ever, it could not be concluded from the present experiments that the displacement of the frequency spectrum and the changes in the EEG pattern were always more significant and more characteristic in the former group than those in the latter. As was described above, there existed a parallel correlation between the displacement of the frequency spectrum and the blood alcohol level in rabbits not habituated to alcohol, but it did not necessarily exist in the habituated rabbits. It can of course be thought that the injection of a large dose such as 3 g/kg yielded the findings different from those observed by Davis et al.(5) . But the parallel correlation is denied by the experi ments of Mirsky et al. (6) in which far less doses than the author's were given and the concentration of alcohol in blood was 50 to 100 mg/100 ml. By the injection of alcohol, in the normal rabbits the slow waves of high voltage continued and the fast waves were restrained to appear, while in the habituated rabbits those changes were temporal, that is, the slow waves, once appeared, decreased in amplitude and the fast waves increased in appearance number and amplitude. In other words, the changes of the EEG pattern in the latter cases displayed the excitement of rabbits caus ed by alcohol. There was a difference in attitude to alcohol given in combination with antabuse between the normal and habituated rabbits; in the former the effect of alcohol was hardly observed on the EEG pattern after the succeeding alcohol load ; in the latter the fast waves increased greatly in amplitude and the spikes appeared in succession. The EEG pattern after the administration of antabuse had the same frequency spectrum as that after the succeeding alcohol load.
It is apparent that when alcohol is given to rabbits under such various conditions as habituation or non-habituation to alcohol or administration of antabuse, an amount of acetaldehyde produced has influences on the EEG activity.
Some workers are of the opinion that the antabuse-alcohol syndroms are due to the increase in the concentration of acetaldehyde in blood. According to Fujiwara's experi ments(3), when alcohol was given to the habituated rabbits, then concentration of acet aldehyde in blood averaged 0.685 mg'," 2 hours after injection ; when alcohol was inject ed after the administration of antabuse, it averaged 0.832 mg%. If this difference in the concentration of acetaldehyde was due only to its production in the body, the differ ence observed in the EEG features would be extravagant in some degree. The concen tration of acetaldehyde in blood increased up to the maximum 2 hours after the injection of alcohol, while the EEG pattern did not run parallel to the blood acetaldehyde level . The EEG pattern observed when acetaldehyde was given in various doses into the vein of ear of rabbits was different from that when alcohol or antabuse-alcohol was adminis tered to the normal and the habituated rabbits respectively . The waves of excitement, which appeared after the administration of alcohol alone or antabuse-alcohol to the habituated rabbits, and the convulsive waves and spikes , which appeared after the injec tion of acetaldehyde to the normal rabbits-those were enough to make us conjecture the electrical activity of the brain cells due to excitement . Therefore, it was sure that the direct infusion of acetaldehyde into the artery excited rabbits much more strongly .
From those results it may be inferred that the fast wave , i.e., the wave showing excitement, the steep slow wave of large amplitude , i.e., the convulsive wave, and the spike are alike the waves expressing excitement by stimulus and that they appear on the record as the fast wave or the convulsive wave or the spike according to the inten sity of the given stimulus.
SUMMARY
Rabbits were divided into four groups: normal rabbits (A) and habituated rabbits (B), to both of which 3% alcohol was injected in doses of 100 ml/kg (3 g;kg); normal rabbits (Aa) and habituated rabbits (Ba) , to both of which antabuse was administered in doses of 0.5 g/kg and then alcohol was given in doses of 100 ml/kg . In addition to these groups, the author had two groups of rabbits, one receiving the intravenous injection of acetaldehyde and the other its injection to the carotid artery . In all of these groups the EEG pattern was observed and the following conclusions were reached .
1. When alcohol was injected to the normal rabbits , first the fast waves disappear ed and the high-voltage slow waves of irregular rhythm appeared , and then the fast waves increased in amplitude. In a word, the action of alcohol was inhibitory at first and then stimulative.
2. When antabuse was administered at first and then alcohol was given to the normal rabbits, a diminution of the EEG activity was observed followed by a gradual "r eturn to the original pattern, and no stimulative effect was found out in the EEG pattern.
3. When alcohol was injected to the habituated rabbits , the fast waves predominat ed from the outset, while the slow waves also increased in appearance number . But the EEG activity showed a marked tendency to excitement .
4. When alcohol was injected subsequently to the administration of antabuse to the habituated rabbits, the fast spikes appeared in succession and the displacement of the frequency spectrum after the administration of antabuse ran parallel to that after the injection of alcohol.
5. By the injection of acetaldehyde to the vein of the ear, the excitatory effect was observed in the EEG pattern. By the injection of the drug to the carotid artery , the convulsive waves and spikes appeared.
The EEG pattern observed when alcohol alone or antabuse-alcohol was given to the habituated rabbits resembled those seen when acetaldehyde was injected. However, it is difficult to interpret the appearance of all the characteristic EEG patterns as originating in the production of acetaldehyde in the body.
